Abstract Madhya Pradesh is the major soybean contributor in India. The taxonomy of nitrogen fixing bacteria forming symbiotic associations with leguminous plants has been deeply changed in recent years. The use of very sensitive and accurate molecular methods has enabled the detection of large rhizobial diversity. Molecular biotyping and characterization the Bradyrhizobium, isolates from eleven varieties of soybean from agricultural field of Sehore district of Madhya Pradesh is done using 16S rDNA typing. Bradyrhizobia were identified genetically by determining the %Guanine plus Cytosine content of the whole genome, followed by 16S rDNA-RFLP analysis % Guanine plus Cytosine content of all the Bradyrhizobium isolates reflects similarity at generic level among all Bradyrhizobial isolates. Restriction Fragment Length Polymorphism (RFLP) further showed a considerable level of genetic diversity among the Bradyrhizobial isolates. PCR-RFLP of 16S rDNA supported existence of two divergent groups among indigenous Bradyrhizobial isolates, at similarity level of 66, and 75 and 74% of similarity within the group. The technique used was helpful in characterizing Bradyrhizobium isolates to be used as inoculants for improving productivity of agricultural land of Madhya Pradesh (India).
Introduction
Rhizobia are symbiotic bacteria capable of eliciting and invading root or stem nodules on leguminous plants, and are efficient to differentiate into Nitrogen fixing bacteroides [1] . Rhizobia (Rhizobium, Bradyrhizobium, Sinorhizobium, Mesorhizobium, Allorhizobium), contributes 65% of total atmospheric nitrogen fixed in an environment [2] . Prokaryotic Guanine plus Cytosine content is highly variable ranging from 25 to almost 80%. Despite such a wide range of variation, Guanine plus Cytosine content of microbial strains within a particular species is constant however, in case of variation within % G ? C content the strains differs indicating variability at molecular level among themselves [3, 4] . Guanine plus Cytosine content appears to be useful in characterizing bacterial genera since variation within a genus is usually less then 10% even though in few cases the content may vary greatly between genera [5] . Based on their 16S rDNA sequences Bradyrhizobia, the nodule endosymbionts, constituting a polyphyletic assemblage of bacteria are currently grouped in 13 major phylogenetic branches of a-2 subclass of Protobacteria including the genera Allorhizobium, Mesorhizobium, Rhizobium, and Sinorhizobium. Resulting rhizobial clades and Azorhizobium, Bradyrhizobium, and Methylobacterium were found on a different and wellresolved phylogenetic branch [6, 7] . 16S rDNA regions reflects much greater diversity analysis than previously recognized molecular techniques [7] [8] [9] . However, such observations helps to enumerate systematics of Bradyrhizobia in relation to new genera and species [8, 10, 11] . In current study, agricultural land of Madhya Pradesh is selected. The state is known for highest production of Glycine max. The Rhizobium diversity has great implication in agriculture in order to define nitrogen rich biofertilizer which helps to improve fertility of soil. A single genus of host can be infected with different strains of microorganism of same species. The variation among those strains may or may not be visualized at expression level of gene, but by conserved sequences of the bacterial genome i.e. 16S rDNA [12, 13] . Genetic relatedness is known to established more strongly using 16S rDNA. These repeated ribosomal sequences of 9-65 base pair provides high polymorphism for distinguishing varying strains within a species and among different species. Presently, the use of restriction enzymes during RFLP over amplified 16S rDNA confirms location of genes indicating genetic variation in number. Recently diversity analysis of Rhizobia nodulating another host i.e. Arachis hypogea L. is being studied using RFLP analysis of 16S rDNA [14] . It has been established that cross infection is possible by efficient strains of Bradyrhizobia in different legumes hosts on the basis of 16S rDNA-RFLP assay [15] . In current study 25 isolates of Bradyrhizobium from 11 varieties of soybean have been isolated and characterized at molecular level on the basis of genetic study including % Guanine plus Cytosine content and 16S rDNA-RFLP, with banding pattern analysis using NTSYS software [16] .
Materials and Methods

Isolation and Maintenance of Bradyrhizobium Isolates
Eleven varieties of Glycine max i.e. NRC-2, NRC-7, NRC-37, Punjab-1, MAUS-47, Indira soya, JS71-5, JS79-81, JS90-41, JS80-21, JS335, were obtained from agricultural field of Sehore district of Madhya Pradesh and reference strain R (RJ123) from National Research Center of soybean (NRCS), Indore, Madhya Pradesh, India, for isolation of Bradyrhizobium from the root nodule [17] . The nodule was surface sterilized and crushed to obtain the bacteria on yeast extract mannitol Agar media (YEMA) [18] . The culture was maintained on Congo red yeast extract mannitol agar media (CRYMA) [19] at 26 ± 2°C for 3-4 days. Isolates were further confirmed by biochemical tests [19] (Table 1 ) compared with reference strain R (RJ123) of Rhizobium japonicum.
DNA Isolation
All the 25 isolates were inoculated in yeast extract mannitol broth (YEMB) for 4 days on shaking incubator at 26 ± 2°C. The total genomic DNA was isolated using standard phenol-chloroform extraction method [21] . The pellets were washed with 70% ethanol, dried and redissolved in 150 ll of TE buffer. Concentration and purity of DNA were estimated spectrophotometrically at 260 and 280 nm, respectively for further assay.
% Guanine Plus Cytosine Content
The purified DNA was then dissolved in 0.15 M NaCl, 0.015 M citrate solution and divided into four parts, incubated at 60, 70, 80, and 90°C for 30 min and change in absorption was determined spectrophotometrically at 260 nm. The value obtained was used to calculate the Tm (temperature of melting). The % Guanine plus Cytosine was then calculated using the formula % Guanine plus Cytosine = 2.44 (Tm-69.3) [20] .
16S rDNA-RFLP Analysis
The universal primer rD1 (5 0 -ACGGCTACCTTGTTACG ACTT-3 0 ) and fD1 (5 0 -AGAGTTTGATCCTGGCTCAG-3 0 ) were used for PCR amplification of 16S rDNA [21] in 25 ll of volume, having 20 mM/l tris-HCl (pH 8), 50 Mm/l KCl, 2.0 Mm/l MgCl 2 , 200 lmol/l of dNTP's, 1 lmol/l of each primer, 50 ng of genomic DNA and 1.5 U of Taq DNA polymerase (Bangalore Genei, India) followed by the following touchdown programme starting with initial denaturation at 94°C for 5 min, 40 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 40 s, extension at 72°C for 1 min, followed by final extension at 72°C for 10 min. The PCR product was digested with restriction enzymes, HinfI, MspI, CfoI, NdeII, DdeI, RsaI MboI, HpaII, TaqI. The digested were separated by electrophoresis on pre-caste agarose gel of 2% in submarine electrophoresis system (Bangalore Genei) for 2.5 h at 70 V/cm at room temperature. The restriction pattern was visualized under UV illuminator after staining with 10 mg/ml ethidium bromide (EtBr) solution and saved as TIFF (tag image file format) image for data analysis.
Data Analysis
All restriction patterns were coded in binary form and analysed using NTSYS software [16] . A simple matching coefficient was calculated to construct a similarity matrix and the UPGMA algorithm was used to perform hierarchical cluster analysis and to construct a dendrogram.
Results
Twenty-five soybean isolates of Bradyrhizobium were subjected to biochemical analysis and compared with reference strain R (RJ 123) and were found to be Gram negative, capsulated, motile, non-sporing rods (Table 1) . On the basis of biochemical confirmatory records the isolated Bradyrhizobium strains from agricultural fields were subjected to genetic diversity analysis. The Guanine plus Cytosine content data of isolated strains shows slight variation ranging between 61.0 and 64.0%. In the current study, restriction enzyme HinfI, MspI, CfoI, NdeII, DdeI, RsaI, MboI, HpaII, TaqI were used to restrict the amplified 16S rDNA segments separately. All the enzymes resulted different banding patterns showing differences among the Bradyrhizobium isolates. Observations with MboI, TaqI was highly discriminatory and was used to generate dendrograms.
16S rDNA study with TaqI digestion formed common band of 200 bp in case of all Bradyrhizobium isolates except N2. 500 bp band was seen in Bradyrhizobium strains N2, N4, N7, N8, N9, N11, N12, N13, N14, N15, N16, N17, N18, N19, N21, N22, N23, N24 and N25 (Fig. 1) . Computation of DNA profiles using NTSYS, based on Unweighted Pair Group Method with Arithmetic averaging (UPGMA) over TaqI digested 16S rDNA, demonstrated two major groups, one having R, N1, N2 and N25 with 65% similarity among them (Fig. 2) . Other group included Bradyrhizobium strains N3, N4, N5, N6, N7, N8, N11, N12, N13, N14, N15, N16, N17, N18, N19, N21, N22 and N20. 100% similarity was further revealed by N6, N14, N15, N16 and N19. Bradyrhizobium group including N7, N8, N9, N11, N12, N13, N17, N18, N21 and N22 also represented 100% similarity within themselves. More than 80% similarity was recorded in N3 and N5 (83%); N4, N6, N14, N15, N19 (88%) and N7, N8, N9, N11, N12, N13, N17, N18 N21 and N22 (86%). Thus, present observations revealed that Bradyrhizobium isolates are more related to same species except strains N2, N10 and N23 were not similar to rest of Bradyrhizobial isolates.
The electrophoresis picture obtained following MboI restriction enzyme digested 16S r DNA, showed existence of common band (100 bp) in N1, N2, N4, N5, N6, N7, N8, N9, N10, N11, N13, N16, N17, N21 and N24 strains (Fig. 3 ).
Another group with common band of 400 bp (N1, N2, N4, N5 N6, N8, N10, N11, N12, N13, N14, N17, N18, N24 and N25) was also observed. Strains N1, N2, N4, N6, N8, N10, N11, N12, N13, N14, N17 and N24 showed both bands of 100 and 400 bp bands. Overall analysis of 16S rDNA segment, with the help of restriction enzyme digestion revealed a remarkable dissimilarity among all the Bradyrhizobium isolates. MboI restriction enzyme on amplification with 16S rDNA segment also resulted into two groups, one having similarity of 60% (N2, N3, N5, N6, N8, N9, N10, N11and N12), however, another with 63% similarity (N1, N7, N13, N15, N17, N18, N19, N25 and R) (Fig. 4) . Only four strains N13, N15, N2 and N3 were found to be 100% similar as per the availability of restriction site on the 16S rDNA. Binary analysis with NTSYS grouped the isolated strains into three groups with similarity of 34% (N23, N24 and N25); 42% (N13, N14, N15, N16, N18, N17, N19, N20 and N22) and 33% (N1, N2, N3, N5, N6, N7, N8, N9, N10, N11 and N12), reflecting similar gene pool. Current study with 16S rDNA was carried out with restriction enzymes MboI, TaqI, and HpaII only tells the presence and absence of restriction site on 16S rDNA segments of Bradyrhizobium isolates. The analysis showed all the strains to be different from each other with some degree of similarity amongst themselves. The dendrogram generated from data obtained by HinfI, MspI, CfoI, NdeII, DdeI, RsaI, MboI, HpaII, TaqI digestion confirms two groups, one at 74% (N1, N14, N10, N11, N6, N7, N8, N9, N13, N5, N2, N3, N4, N24, N25 and other at 75% (N12, N17, N18, N19, N15, N16, N20, N21, N22, N23) similarity. More then 85% similarity was reflected in N1 and N14; N10 and N11 (88%); N8 and N9 (94%); N22 and N23 (87%) and strains N12, N17, N18, and N19 (86%). These observations revealed that the Bradyrhizobium isolates are directly related to each other although differ with respect to place of isolation.
Discussion
During the course of identification notable feature was recoded with the Bradyrhizobium sp. as they produce more mucilage, they utilize more glucose and were able to grow on nitrogenous compounds [18, 21] . Identical characteristics of Bradyrhizobium and growth pattern confirm the close relationship among the isolates and reference strain [22] . Diversification within a species can only be found out when genomic analysis is made as characteristics of individual is govern by expression of genetic pool which in turn supports position of individual in evolutionary hierarchy modification of genetic setups necessitates the evolution in species occupying beneficial supporting habitat. The genetic diversity of microbial community is assessed by measuring the heterogeneity of DNA within entire microbial community. To do this, DNA was extracted from the total microbial community in a sample collected from a given habitat. The recovered DNA represents the total gene pool of the community. First and, possibly the simplest, technique to be employed is the determination of DNA base composition. Genetic content of organism reveals its position in biological diversity in general. The bacteria including nitrogen-fixing nodules also occupies bacterial diversity directly influenced by geographical and biological factors.
Guanine plus Cytosine content can be chemically ascertained after hydrolysis of DNA and separation of its bases. Physical methods are easier and more often used. The Guanine plus Cytosine content often determined from the melting temperature (Tm) of DNA. Despite such a wide range of variation, the Guanine plus Cytosine content of strains within a particular species is constant. The Guanine plus Cytosine content data of isolated strains shows slight variation ranging between 61.0 and 64.0% in all the isolates. Guanine plus Cytosine content appears to be useful in characterizing bacterial genera since the variation within a genus is usually less then 10% even though the content may vary greatly between genera [5] . Adenine.Thymine/ Guanine.Cytosine pressure changes the Guanine plus Cytosine content of various part of genome in same direction depending upon their functional importance [23] , this may account for the difference in % Guanine plus Cytosine content of Bradyrhizobium isolates. The % Guanine plus Cytosine content revealed that the bacterial isolates were different from that of Gram-positive bacteria along with variation in % Guanine plus Cytosine among itself.
A novel molecular strategy for studying microbiological diversity is based on restriction digestion of 16S rDNA sequence. Separate primers are used to amplify bacterial and archeal ribosomal RNA genes using the polymerase chain reaction (PCR). Ribosomal RNA are ancient molecules, functionally constant, universally distributed and mordantly well conserved across broad phylogenetic distance. Also because the number of different possible sequences of large molecule like ribosomal RNAs is so large, similarity in two sequences. However, it is the degree of similarity in ribosomal sequences between two organisms that indicates their common evolutionary relatedness. A wide range of genes in accordance with the aim Fig. 2 Dendogram based on RFLP of 16S rDNA segment of Bradyrhizobium isolates using TaqI restriction enzyme of research are used in the PCR/RFLP technique [24] . The 16S rDNA of 25 isolated strains was PCR amplified with universal primer rD1 and fD1. The PCR products were individually restricted with endonuclease, HinfI, MspI, CfoI, NdeII, DdeI, RsaI, MboI, TaqI, and HpaII. Although each restriction enzyme produces polymorphic banding patterns the most discriminative was HpaII. Bradyrhizobium isolates on amplification with universal primer, reverse and forward primer resulted in the formation of a single band of around 1500 bp in all the 25 isolates. The polymorphism occurs due to availability and unavailability of the restrictions sites on the genomic segment. Each enzyme has got a different restriction site thus generates polymorphic pattern on agarose gel. All the three enzymes generated different banding patterns showing differences among the Bradyrhizobium isolates. On combining the data generated by restriction enzyme analysis with three enzymes MboI, TaqI, and HpaII, with the help of NTSYS software, strains found to be grouped into three, with similarity of 34% (N23, N24 and N25); 42% (N13, N14, N15, N16, N18, N17, N19, N20 and N22) and 33% (N1, N2, N3, N5, N6, N7, N8, N9, N10, N11 and N12), revealing it from similar genus (Fig. 5) . This study over 16S rDNA was restricted to restriction enzymes MboI, Fig. 3 Restriction enzyme MboI treated 16S rDNA segments of isolated strains of Bradyrhizobium sp. on 2% agarose gel TaqI, and HpaII only tells about the presence and absence of restriction site on 16Sr DNA segments of Bradyrhizobium isolates. But the over all restriction enzyme analysis over amplified 16S rDNA segment of bradyrhizobial isolates with restriction enzymes HinfI, MspI, CfoI, NdeII, DdeI, RsaI, MboI, TaqI, and HpaII, grouped the strains in two major groups (Fig. 5) with similarity of 74% (N1,N14, N10, N11, N6, N7, N8, N9, N13, N5, N2, N3, N4, N24, N25) and 75% (N12, N17, N18, N19, N15, N16, N20, N21, N22, N23) living aside the reference strain ''R'' at similarity of 63% (Fig. 5) , which was found to be grouped with N23, N24, N25 at 34% with combine data of restriction enzymes MboI, TaqI, and HpaII (Fig. 5) . The restriction enzyme analysis though showed less % of similarity with data generated by single restriction enzyme, where as the data generated by the multiple restriction enzymes leads us towards the more accuracy over the discussion over the similarity and dissimilarity among same species of isolated strains. This analysis complements to the conclusion drawn by % Guanine plus Cytosine, strains isolated from different varieties of Glycine max, have a common range of % Guanine plus Cytosine belongs to same genus (Table 1) .
Similarity though, the strains showed similarity with HinfI, MspI, CfoI, NdeII, DdeI, RsaI, MboI, TaqI, and HpaII, separately, and dissimilarity on combining the whole data refers the same origin. The horizontal transfer of homologous DNA segment among closely related organism is major source of genomic diversification [25] thus the strains came out to be similar to each other with least level of dissimilarity.
The significance of nodulation by Bradyrhizobium also throws several genetic factor related to establishment of symbiotic relationship. Therefore, the study of genetic variation with existing molecular techniques along with biochemical analysis helped in specifying and determining phylogeny amongst isolated Bradyrhizobium cultures. 
